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.MPROVEMENTS ANn RFI ATING TO THF FH .UN G OF EXPLOSIVE 

ORDNANCE 

• Thte mvarttlon relates to the field of the filling of ordnance with .explcs5ve 
materlate. and more specifically to the use of static mixing in the filling process. 



Tradrtional methods used for filling ordnance with polymer bonded 
■ explosive (PBX) utilise a filling process based on the combination of usually two 
materials, namely an explosive mixture (pre-mix) and hardener, which are 
10 mixed together immediately prior to use In filling the chosen ordnance. 

In a typical application of the mixing and filling process, a pre-m« 
of explosive such as for example PBX is produced and typically mixed with a 
hardener (I.e. IPDI) the oombined mixture being mixed together in a high shear 
15 m'lxer, . 

Once mtxed, the bowl of the high shear mixer containing the ftilly mixed 
PBX composition is fitted with a pressure plate apparatus and cover, then 
raised to an appropriate filling height on a specialised bowl lift. 



Once elevated into position, the bowl of fully mixed PBX composition Is 
pressurised using an inert gas (i.e. nitrogen) for the purposes of aiding the 
dispensing of the fully mixed PBX composition through a system of pipes to the 
ordnance filling position. 

Ordnance to be filled is typically placed in a vacuum chamber and a 
filling attachment from the bottom outlet valve of the mixer bowl containing the 
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fully mixed PBX composition Is attached to the chamber. Typically the vacuum 
will be evacuated to < 60 millibars. 

The vacuum provides the physical motivation for the fully mixed PBX 
5 compos-rtion to flow Into the ordnance when the valve from the bottom outlet of 
' the mixer bowl Is released. ThO quantity of fully mbced PBX composition 
introduced to the cavity wittiin the ordnance is usually judged visually, and 
when sufflcier^tly filled the vacuum to the chamber is released and the filled 
component removed ready fbr the introduction of the next ordnance component 
10 to be filled. 

The traditional method of filling ordnance as described above suffers 
from a number of problems associated with the finite "pot life- time of the fully 
mixed PBX composition and the fact that once the various chemicals have 
15 been combined the 'pot life' time defines the period within which the filling 
process must be completed before the PBX composition cures and can no 
longer be used in the process (i.e. would solidity within the pipe work). 



The »pot life" is typically in the order of two hours and In Instances where 
20 there are no problems associated with a particular batch of components, then 
the mixing of PBX and hardener (IPDI) in a bov^ and the subsequent 
dispensing of the fully mixed PBX composition into ordnance can be achieved 
relatively quickly. However, if for any reason (for example mechanical 
breakdown etc) the filling process has to be interrupted or indeed suspended. 
25 then the whole of the fully mixed PBX composition has to be purged from the 
mixing and filling apparatus, the purged material being lost to waste. 

The invention described herein provides for apparatus and a method for 
the mixing of explosive compositions and the subsequent filling of ordnance 
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Without being eabject to the problems associated with having to mix and use a 
speoifio quantity of explosive composition within a limited "pot llffe" penod. 

AcconiTr^ly the.^ is provided apparatus for the mixing- of explosive. .. 
materials, comprising; 

a reservoir of pre- mixed explosive nr^torlal, 
a reservoir of hardener material, 
a stab'c mixer means, 

each of said reservoirs having pipe means for conveying said pre-mix 
explo^ve material and hardener materia^ respectively into the inlet of a static 
. mixer means, the outlet of said static mixer means being connected to means 
for effecting the filling of ordnance components. 

Preferably the pipe means for conveying each of said materials are not 
linked or combined until they reach the Inlet of said static mixer means. 

Preferably the means for filling each of said ordnance components with 
said final mixed explosive material v.ill be controlled such that the respective 
pre-mlx explosive material and the hardener materials are introduced to the 
^tic mixer means on demand, thereby minimising the amount of combined 
explosive material in said apparatus to that contained In the static mixer means 
Itself and the associated pipe-work used to connect the output of said stahc 
mixer unit to the ordnance for filling. 

Addftionally there is pix^vlded a method for the mixing of materials and 
the subsequent filling, of ordnance components comprising the use of, 
a reservoir of pre- mixed explosive material. 
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a reservoir of hardener material, 
a static mixer means, 

each of said reservoirs having pips means for conveying said pre-mix 
explosive material and hardener material- respectively into the inlet of a static 
mixer means, the outlet of said static mixer means being connected to means 
for effecting the filling of ordnantie components. 



The invention is now described by way of example only with reference to 
the following drawing in which figure 1 Is a diagrammatic representation of an 
10 explosive mixing and ordnance filling apparatus in accordance with the 
invention 



15 



Figure 1 shows a pre-trtx explosive material 2 Is shown in a high shear mixing 
bowl assembly 4 wherein the mixing of the pre-mix explosive material 2 has 
been completed and the pre-mix explosive material 2 held within the mixing 
bowl 4 subjected to controlled pressure by the action of a hydraulic cylinder 6 
and ram 8 assembly. Hydraulic cylinder control means 10 Is shown for 
controlling the flow of pre-mlx explosive material 2 through the exit valve 12 and 
onwards through the pre-mix explosive material pipe work 14. 

Hardener material 16 is depicted housed within a header tank 18 having pipe 
work 20 leading to a pump means 22 to provide the controlled suPPlV of 
hardener material 16 through the pipe work 24. 



25 A static mixer means 26 is provided having pipe work 14 and 24 at its inlet port 
28 and an outlet port 30 and con-esponding pipe work 32 for conveying final 
mixed explosive material 34 to ordnance filling stations 36. 



20 
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In U3e. ordnance 38 to be fiHed with final mixi^d explosive composition 34 are 
positioned at ordnance filling stations 36. When the ordnance is correctly in 
position 38 and the associated filMo-level control apparatus Is connected (not 
shown) » a signal from the process control 40 to initiate the filling operation is 
6 activated. A demand signal e$ received by the filMo-level controller 42 frorn the' ' 
fibre optic controller 45 indicating that the ordnance is not filled and accordingly 
the fill leveJ controller 42 sends a demand signai to the pre-mix explosive 
material hydraulic cylinder controller 10 and the hardener material pump 22. 

10 The pre-mix explosive material 2 and hardener material 15 are conveyed 
through their respective separate pipe works 12, 24, both materials 2, 16 being 
introduced individually to the Inlet 28 of the static mixer means 26, It is 
important to note at this point that in accordance with the invention the point at 
which the pre^nix explosive material 2 and hardener material 1S are first 

15 combined is substantially at the fnlet port 28 of the static mixer means 26 
thensby providing a cBstiniguishing feature; over ttie prior art In which the two 
materials are nomially combined in the mixing bowl, thereby starting the 'pot 
life' for the combined explosive material within the mixing bow( 4. 



20 At the Inlet 26 of the static mixer means 26 the pre-mix explosive material 2 and 
hardener material 16 are forced through a number of static mixing blade means 
4, thereby mixing the two materials 2, 16 together. Such static mixing means 
are known within the confectionery and food industries and typically comprise a 
plurality of blade means arranged in a •corkscrew* type manner which promotes 

26 the effective mixing together of two or more materials when forced through the 
mixer. 



Additionally, the use of a static mixing means provides for simplified cleaning of 
the apparatus following the completion of an ordnance filling run, thereby 
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further reducing the Inherent pomplexity and time required iw purging and 
cleaning using state of the art apparatus. 



The combined final explosive mixture 34 passes through the static mixer means 
5 exit pc»t 30 and along the pipe-woric 32 arriving at the ordnance filling stations 
36, At the filling stations 36 the flow of combined explosive mixture 34 into the 
wafting ordnance 38 Is controlled via pinch valves 44, the operation of said 
pinch valves 44 being controlled so as to limit the volume of combined final 
explosive mixture 34 introduced into the ordnance 38. A vacuum source 48 is 
1 0 provided to encourage the filling off the volume within the ordnance. 

The control of the valves 44 (typically pinch valves) to enable the accurate filling 
of the ordnance may be effected either by a human op^ator directly controlling 
a valve 44 or by a mechanised system, which for the purposes of this specific 
IB embodiment utilises a fibre optic fill level controller 46 which fonns part of an 
integrated control system 10,40,42,46,48. 



When the fibre optic fill-to-l©veI controller 46 senses that ondnance 38 requires 
filling with combined ilnal explosive mix 34, then a signal Is sent to the fill-to- 

20 level controller 42 which in turn initiates the flow of both pre-mix explosive 
material 2 and hardener material 16 through the static mixing means 42 and via 
the outlet pipe work into the waiting ordnance 38. When the fibre optic fill-to- 
level controller senses that any of the ordnance 38 has reached tts fill Hmlt, then 
a signal is sent to the fill-to-level controller 2 to stop the flow of materials 2 and 

25 16. 



Using the above stated control means thereby provides for both af^aratus and 
a method of filling ordnance 38 vnth combined final explosive mixture 34 In a 
controlled manner, utilising apparatus that prolongs the 'pot life* of said 



ll-MB»-2aE IBiBJ- FROM ^U«tu.l Prop TD 6B^ OFFICE P.13 



10 



15 



7- 



combined final explosive material 34. This resulUng in significantly less waste 
explosive material to be disposed of and additionally simplifies the cleaning of 
the system by minimising the number of elements of the apparatus actually 
exposed to combined final explosive meterial 34. The method of filling 
ordnance 38 using such apparatus and control rn'eans can provide an 
automated ordnance filling system. 

in order to dean the apparatus as described, the action of pumping pre-mix 
explosive material 2 <or an altemative compatible inert material) through the 
apparatus in the absence of any havener material 16 will be substantially 
sufftciant to purge the system of any combined final explosh/e material 34, 
thereby reducing the complexity, time and danger level associated with purging 
state of the art apparatus within which combined final explosive matenal has 
been allowed to cure. 

m addition to the elements described in the specific embodiment of the. 
invention, a number of measuring sensors and safety devices wouW also be 
incorporated into the apparatus as shown in figure 1. namely a flow meter 
sensor 50. a P-Bssure sensor $2,. temperature probes 56, a pressure switch 58 
and a safety burst disc 60. Such sensors and safety devices are known in the 
art and are included in the specific embodiment by way of example to illustrate 
the industrial application of the invention. 



25 



Additionally, a colour agent or dye can be added to the hardener material 16 
such that it will be possible to monitor the amount of hardener 16 present in the 
final combined explosive mixture 34. The analysis of the colour of the combined 
mixture 34 may be made by utilising a colour sensor means located after the 
mixing process calibrated to recognise particular ranges of colour as indicating 
sufficient percentage of hardener in the combined material 34. or by use of a 
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vlGwIng window in the pipe work containing the combined mixture 34 to allow 
for visual inspection of Vhe colour of said mixture 34. .. . 



Other advantages of the Invention will be readily apparent to those skilled in the 
5 art and the substitution of elements for mechanical equivalents and adaptation 
of the process using different materials and the like should be construed as 
being comprised within in the irrventive concept as claimed. 



References to ordnance In the above specification and claims shall be 
10 construed as non-limiting and in respect of the invention shall include without 
limitation shells, mortars, rockete, projectiles . and any other ordnance or 
containers which are required to be filled with a combined final explosive 
mb!ture. 
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CLAIMS 

Apparatus for the mixing of explosive matorials, comprising; 
^ reservoir of pre- mixed explosive material, - 
sl reservoir of h^dener material, 
a static mixer means, 

each of said reservoirs liaving separate pipe means for conveying 
said pre-cure explosive, material and hardener material 
respectively to a static mixer means. 

Apparatus for the mixing of explosive materials in 
accordance with claim 1, wherein said materials are combined 
substantially at the inlet of said static mixer means. 

Apparatus the mbdng of explosive materials in 
accordance with Claim 1 or claim 2, wherein the outlet of said 
static mixer means is connected to means for effecting the filling 
of ordnance. 

Apparatus for the mbdng of explosive materials in 
acooniance with ariy of claims 1. 2 or 3 wherein the means for 
filling each of said orclnance components with said combined firta! 
explosive material is controlled such that the respective pre-mix 
explosive material and hardener materials are introduced to the 
static mixer means on demand, the demand controlled by an 
automated ordnance fill level control means. 
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5 Apparatus for the mixing of explosive materials in 

accoidance with any of claims 1 to 4 wherein said filI4o-level 
control means comprises at least one ftore optic sensor. 

e A method for the mixing of explosive materials utilising 

apparatus In accordance with any of claims 1 to 5, 



A method for the mixing of explosive materials in 
accordance with oiaim 6, wherein the outputfrom said static mixer 
is connected to apparatus for the filBng of ordnance with explosive 
materlala. 



8 Apparatus for the mixing of explosive materials 

substantially as hereinbefore described with reference to the 
.J 5 accompanying dravtfings. 
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9 A method for the mixing of explosive materials substantially 

as hereinbefore described with reference to the accompanying 
drawings. 
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ABSTRACT 



Apparatus for the mixing of eiqalosive materials utilising a static mixer for 
combining pre-cure explosive material and hardener prior to introducing the 
5 combined mixture into any ordnance. 
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